A Drosophila gene encoding a novel zinc-®nger protein, Meics, was cloned using a monoclonal antibody. The predicted amino acid sequence contains 12 zinc-®nger motifs of the C 2 H 2 -type. During spermatogenesis, Meics distributes intranuclearly at pre-and post-meiotic stages whereas it relocates to central-spindle microtubules at both meiotic divisions. q
Results
Zinc-®ngers are among the most common nucleic acidbinding domains of eukaryotic transcription factors. Recent reports suggest that they also mediate protein±protein interactions (reviewed by Mackay and Crossley, 1998; Leon and Roth, 2000) . A small number of proteins containing zinc®nger motifs have been reported to cycle during cell division from nuclear structures to spindle components (Whit®eld et al., 1995; Mello et al., 1996) .
The antibody mAb337 used here is one of a panel of monoclonal antibodies directed against embryonic mitotic protein extracts from the nematode P. univalens (Esteban et al., 1998) . It was selected because of its association with the spindle components in unrelated organisms (unpublished results).
Isolation and molecular characterisation of cDNA encoding the 337 antigen in Drosophila
By immunoscreening of a Drosophila melanogaster (D. melanogaster) l-ZAP cDNA expression library with mAb337, a positive clone (337Dm-I) was isolated (GenBank accession number AF038865). This full-length cDNA encodes a protein that we denominate Meics (Meiotic central spindle). Sequence analysis revealed that it contains 12 zinc®nger domains distributed from amino acid 242 to the end of the sequence (Fig. 1) . All the zinc-®ngers in Meics protein have a canonic consensus sequence C-X(2)-C-X(3)-(F/Y)-X(8)-H-X(3)-H. The latter are the most frequent values in zinc-®nger motifs (Rosenfeld and Margalit, 1993) . In addition to the conserved zinc-ligand residues, other positions are important for the structural integrity of the CCHH ®ngers (Rosenfeld and Margalit, 1993) . The best-conserved position is found four residues after the second cysteine (f4) and is generally an aromatic or aliphatic residue. Accordingly, Y/F aliphatic residues occupy position f4 in all Meics zinc-®nger motifs. Many protein kinase recognition sequence motifs (Feramisco et al., 1980; Patschinsky et al., 1982; Woodget et al., 1986; Pinna, 1990) are also present in the Meics protein, suggesting that this protein may be a phosphorylation substrate. An additional feature of the Meics carboxylterminal region is a potential bipartite nuclear localisation signal (amino acids 542±555) (Dingwall and Laskey, 1991) .
A synthetic peptide (shown in Fig. 1 ) was used to obtain a polyclonal antibody, p337, against the Meics protein. The western-blot analysis using p337 antisera revealed a band of apparently ,65 kDa ( Fig. 2 ) in protein extracts from Drosophila larvae and testes, in agreement with the predicted Meics protein molecular mass (66,788 Da).
Immunolocalisation of Meics protein during D. melanogaster male meiotic divisions
Meics protein is intranuclearly localised in mature (01)00426-9 www.elsevier.com/locate/modo primary spermatocytes (Fig. 3A) and in elongated spermatids (Fig. 3B) . It is to be noted that Meics relocalises during meiotic divisions. At anaphase I (Fig. 4A±C) , Meics protein distributes to the mid-zone along with central-spindle microtubules. At telophase I (Fig. 4D±F) , it colocalises with the mid-body microtubules. The same distribution pattern is observed during meiosis II. At anaphase II and telophase II (Fig. 4G±I,J±L) , association of the Meics with central spindle and mid-body microtubules is also observed. An overlapping pattern was obtained using the 337mAb and p337 (data not shown). Therefore, during spermatogenesis, Meics protein is located intranuclearly at pre-and postmeiotic interphasic stages, while it relocates to central-spindle microtubules at both meiotic divisions.
Immunolocalisation of Meics protein in whole mount Drosophila embryos at different developmental stages showed a uniform cytoplasmic staining in syncytial blastoderm stage, which excluded the nuclei. In post-blastoderm embryos no staining was detectable (data not shown). In the neuroblast mitotic and interphasic cells from the fourth instar larvae, as well as in polytene chromosomes, no Meics immunostaining was detected (data not shown).
Materials and methods
A l-ZAP cDNA expression library of D. melanogaster testes was immunoscreened using mAb337 (1:100). The cDNA insert corresponding to clone 337Dm-I was excised into the pBluescript SKII plasmid. AmpliTaq DNA Polymerase (Amershan) and Applied Biosystems 377 equipment (Perkin±Elmer) were used for automated sequencing.
The peptide DVKTDIDEPTDGKATNGQESE, spanning amino acids 143±163 in the predicted protein sequence, was synthesised and bound to a multiple antigen peptide (MAP) core (Research Genetics, Inc.). To raise p337 antisera, the MAP-peptide (0.5 mg) was subcutaneously injected into female White New Zealand rabbits at 15-day intervals.
Protein extracts from D. melanogaster larvae and testes were obtained and processed for immunoblotting as described previously (Esteban et al., 1998) , using p337 antibody (1:100) followed by anti-rabbit Ig conjugated to alkaline phosphatase (1:2000, Bio-Rad).
D. melanogaster pupal and larval testes were dissected and ®xed for immuno¯uorescence studies as described elsewhere (Esteban et al., 1997) . p337 (1:5) and anti-b-tubulin (1:200, Sera-Lab) antibodies were developed with¯uores-cein isothiocyanate (FITC)-conjugated anti-rabbit Ig (1:100, Southern Biotechnology Associates, Inc.) and Rhd-conjugated anti-rat (1:100, Sigma) antibodies. Chromatin staining was performed using 0.05 mg/ml 4 H 6 H diamidino-2-phenylindole (DAPI) in 2£ saline sodium citrate.
